The objective of this study was to determine if disparities in hip and knee replacement surgery exist among osteoarthritis patients with AARP-branded Medicare supplement plan (ie, Medigap) coverage provided by UnitedHealthcare. Patients were selected into the study if they had 1 or more medical claims with a diagnosis of osteoarthritis from July 1, 2006 to June 30, 2007. Logistic regression analyses tested for age-, sex-, race-, or income-related differences in the likelihood of receiving a hip or knee replacement surgery. The regression models controlled for socioeconomics, health status, type of supplement plan, and residential location. Of the 2.2 million Medigap insureds eligible for this study, 529,652 (24%) had osteoarthritis. Of these, 32,527 (6.1%) received a hip or knee replacement. Males were 6% (P < 0.001) more likely than females to have a replacement surgery. Patients living in minority or lower income neighborhoods were less likely to receive a hip or knee replacement. Supplement plan type was not a strong predictor of the likelihood of hip or knee replacement. Disparities were much greater by comorbid condition and residential location. Disparities in hip and knee replacement surgery existed by age, sex, race, and income levels. Larger disparities were found by residential location and comorbid condition. Interventions are being considered to address these disparities. (Population Health Management 2011;14:231-238) 
Introduction

M
ajor joint (hip and knee) replacement surgeries are commonly considered for patients who suffer from osteoarthritis. 1 There are 3 common forms of hip and knee replacements: total replacement, when an arthritic or damaged joint is entirely removed and replaced with a prosthesis; partial replacement, a less invasive surgical treatment during which only the most damaged joint areas are replaced; and revision replacement, which occurs when replacing a previously implanted prosthesis.
2 These surgeries are often safe and effective treatments for alleviating pain, improving function, and increasing health-related quality of life. These surgeries have low risk for complications despite variation in patient status, type of prosthesis implanted, orthopedic surgeon, or facility. 3, 4 Several studies have documented increased rates of total hip and knee replacement over the past several decades. [5] [6] [7] [8] Similarly, rates of partial and revision hip and knee replacement have increased during this time.
2,7,9 Total joint replacement surgeries are the most common type of joint replacement by far, with the most recent estimates indicating that over 300,000 total knee replacements 4 and 170,000 total hip replacements 2 are performed each year. The use of these procedures is most heavily concentrated in adults ages 65 and older. 7 Despite procedure efficacy and potential for quality of life improvement, many racial/ethnic and socioeconomic disparities in the use of major joint replacement exist. For example, total hip 8, [10] [11] [12] [13] [14] and primary knee 5, 6, [12] [13] [14] [15] [16] replacement rates are higher for whites than for minorities. Such disparities also exist in revision knee 5, 16 and hip 17 replacement procedures. Furthermore, these racial disparities have remained consistent over time, 8 and low-income adults are less likely to receive primary and revision hip and knee replacement surgeries. 16, 17 Prior research has shown consistent patterns of procedure use, regardless of sex and age group. Several studies have documented women having higher rates of primary and revision hip and knee replacement surgeries. [5] [6] [7] 10, 16, 17 Disparities exist by age, with the use of primary and revision hip and knee replacements increasing with age. 13, 16, 17 Replacement rates are generally highest in the age 75-79 group 5, 7, 16, 17 and decline with increasing age. 10, 16, 17 Utilization of these services represents a substantial economic impact on Medicare. The economic burden of such procedures likely impacts utilization, resulting in socioeconomic disparities in care. Although Medicare pays the majority of the bill for these surgeries, usually about 80%, 18 beneficiaries still face high out-of-pocket costs, 5 which likely influence treatment decisions. Medigap covers some of these out-of-pocket costs, with the coverage amount depending on the particular Medigap plan chosen.
Most of the literature examining disparities in the rates of hip and knee replacement surgeries has focused on the Medicare fee-for-service (FFS) population; whereas few studies investigate if disparities vary by Medigap source or plan type. 19 Of those with FFS Medicare coverage, one study showed that only 9% did not have supplemental coverage of some sort, while 39% had employer-sponsored supplement coverage, 27% purchased Medigap coverage, 17% had Medicaid coverage, and 7% had other non-Medicare coverage. Thus, those with Medigap coverage represent a significant portion of the Medicare population. 20 We hypothesize that patient demographics, health status, and benefit levels likely differ by Medigap source and plan type and, therefore, may impact disparities in care. Such relationships have not been examined solely for Medicare beneficiaries who purchase Medigap coverage.
The objective of this study is to determine whether age, sex, race/ethnicity, or income-related disparities in hip and knee replacement exist among osteoarthritis patients who purchase Medigap coverage, and to compare these results with the Medicare population as a whole. For the purposes of this discussion, Medigap supplement coverage as described hereafter refers to individuals who purchase such coverage. This study is part of the AARP Health Care Transformation Diversity Initiative, which is designed to examine the presence and nature of disparities in those who have AARP-branded Medigap coverage provided by UnitedHealthcare and, if found, will look to develop programs to address these disparities.
Materials and Methods
Data sources
Currently, about 2.9 million individuals have AARPbranded Medigap coverage insured by UnitedHealthcare Insurance Company (for New York residents, UnitedHealthcare Insurance Company of New York). These plans are offered in all 50 states, Washington, DC, and numerous US territories. Blinded patient data for this study were obtained from membership, facility, and professional claims provided by Ovations Insurance Solutions, a division of UnitedHealth Group.
Patient selection
Patients were selected into the study if they had 1 or more health care claims with a primary diagnosis of osteoarthritis at any time from July 1, 2006 to June 30, 2007 . Patients were identified as having a hip or knee replacement if they had 1 or more claims during this study period that indicated either a total, partial, or revision replacement. The diagnosis and procedures codes used to identify these patients are listed in Table 1 .
Patients were excluded if they did not have 12 months of continuous plan enrollment during the study period or were younger than 65 years of age as of July 1, 2006, or if they were missing any of the pertinent data fields to be described.
Variables expected to influence surgical rates
Patient demographics. Patient demographics included age, sex, location, and Medigap plan type. Ages were denoted as being in one of 3 possible ranges: 65-74, 75-84, or 85 and older. These age groups are frequently used in studies of the elderly. A binary indicator was used to denote whether the patient's sex was male or female.
There are 12 standard Medigap plans into which patients can enroll. They are referred to as plans A-L and have benefit structures that are consistent across carriers and locations in the United States. Each plan varies in the level of coverage and benefit provided, with Plan A being one of the most basic.
A few states (eg, Massachusetts, Minnesota, Wisconsin) have developed federally approved nuances to their Medigap plans that might influence health care utilization. These plans were separated into those that existed before standardization (pre-standard) and all others (eg, waiver and nonstandard plans).
We controlled for residence in areas in which pilot disease management programs will operate for Medigap insureds in December 2008 and beyond (ie, parts of New York, Ohio, Florida, California, and North Carolina), and for residence in 5 other areas in which patient satisfaction surveys will be completed for Medigap patients in 2009 and beyond (Arizona, Colorado, Missouri, New Jersey, and Texas). This may help determine whether the rollout of those programs should be adjusted to account for disparities issues.
Next, health care utilization often differs by location, so 2 sets of variables were used to adjust for where patients reside. To control for variations across the country, binary variables for each state were included to denote each patient's residence. Further, patients were classified as living in rural areas (fewer than 10,000 inhabitants), micropolitan areas (at least 10,000 but fewer than 50,000) or metropolitan areas (more than 50,000 inhabitants). These variables controlled for the impact of population size on surgical rates. 
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Socioeconomic factors. Because self-reported socioeconomics were not available for Medigap insureds, geocoding was used to estimate the race and income of each sample member. Geocoding is a process that estimates certain characteristics of a person based on the characteristics of his or her area or neighborhood. Geocoding has been shown to be useful for measuring quality-related disparities in care. 21, 22 In our study, sample members were assigned to racial categories and income levels based on their zip code. The 2000 US census data were used as input into this process.
Assignment to a racial category was based upon the percentage of nonwhite residents within the patient's zip code. Minority nonwhite population groups included African Americans, Hispanic Americans, Asian Americans, Hawaiians/Pacific Islanders, Native Americans, and Others. Patients were defined as living in a ''high minority'' area if 60% or more of the population in their zip code was in one of the nonwhite minority groups, based on the census data. Patients were assigned as living in a ''low minority'' area when 15% or less of the population in their zip code was in one of the non-white minority groups. All other patients were assigned as living in ''standard'' or ''middle'' zip code areas.
Patients were assigned to one of 4 income categories based on the average household income of their zip code. Income categories were low (less than $29,797), lower-medium (between $29,797 and $36,250), upper-medium (between $36,250 and $45,762), and high (over $45,762). These categories represent the quartile cut points of the income distribution for the population in this sample.
Health status. To control for varying levels of health status across sample members, an aggregate measure for physical and mental health was produced using the Symmetry Episode Treatment Group (ETG) software. ETGs are generated by combining demographic and diagnostic data from facility and professional claims into mutually exclusive categories that describe episodes of treatment for many conditions. Several studies have used ETG software to aggregate claims information. [23] [24] [25] After assigning patients to ETGs, an Episode Risk Group (ERG) score was created for each sample member. The ERG score is a variable that predicts how costly a patient is expected to be in the next year, based on his or her age, sex, and medical condition. This variable provides a rough proxy for health status under the assumption that healthier patients generally are expected to cost less in the future year.
Although the ERG score controls for the overall health status of each patient, it can be important to control for specific comorbidities that might influence surgery rates. Therefore, binary indicators were constructed to denote if each patient received care for diabetes, obesity, coronary artery disease (CAD), congestive heart failure (CHF), hypertension, chronic obstructive pulmonary disease (COPD), or mental health problems. These conditions were chosen by a clinical team as those that most commonly afflict a Medicare population and as those that might influence the utility or ability to carry out a surgical procedure. The literature suggests these conditions occur at about the same rates in Medicare patients with and without Medigap coverage. [26] [27] [28] The ETG software was used to find patients with these conditions.
Primary data analyses
Univariate analyses were first used to describe patients in the study and their utilization of hip or knee replacement surgery. Chi-square and Student t tests were used to test for differences in categorical and continuous variables, respectively. Then, to eliminate the confounding effects of the demographic, socioeconomic, and health status variables mentioned, a logistic regression analysis was used to estimate the impact of age, sex, race, and income on the likelihood of having a hip or knee surgery. All analyses were performed using SAS software version 9.1 (SAS Institute Inc., Cary, NC).
Sensitivity analyses
The primary data analyses combined all types of hip and knee procedures together. A distinction was not made between patients who received a hip or knee replacement, or between the type of replacement (total, partial, or revision). If the likelihood of each of these varies differently by patient demographics, socioeconomic factors, or health status, then combining them into a single model may produce misleading results. Therefore, a sensitivity analysis was conducted to estimate the impact of these variables on receipt of each type of surgical procedure.
Results
Characteristics of the sample members
After applying the exclusion criteria, 2.2 million AARP Medigap members were eligible for this study, 529,652 (24%) of whom were diagnosed with osteoarthritis. Of those with osteoarthritis, 32,527 (about 6%) received a hip or knee replacement surgery.
The numbers of patients in each demographic, socioeconomic, and health status category are shown in Table 2 . Osteoarthritis patients were primarily female (70%) and most heavily concentrated in the age 65-84 group (77%). Nearly half resided in zip codes with the highest income bracket, and only 3% of patients resided in high-minority areas. Over half the patients were enrolled in Medigap plan types denoted as plans C, F, or J; these plans are the only ones that provide complete or near complete first-dollar coverage for Medicare-covered services. 32 Over 75% of the patients lived in urban metropolitan areas, and the most common states of residence were Florida, New York, and New Jersey. The most common comorbidities were hypertension (58% of patients) and CAD (29% of patients). Table 3 depicts the results of the logistic regression used for the primary analysis. The logistic regression estimated the impact of each independent variable on the likelihood of having surgery, while the other independent variables were fixed. This table presents the regression coefficients, standard errors, significance levels, and relative risk ratios (RRR) for each independent variable. The RRR represent the ratio of the adjusted probabilities and can be interpreted as the relative odds that one group of patients (eg, males) received hip or knee replacement surgery, as opposed to not receiving surgery, compared with a reference group (eg, females).
Results of the primary analyses
As illustrated in Table 3 , recipients of a hip or knee replacement surgery differed by age, sex, race/ethnicity, and income. While fewer males received replacement surgery, they were slightly (RRR ¼ 6%, P < 0.001) more likely than females to have replacement surgery. The likelihood of surgery decreased with age. Compared to those in the age 65-74 group, those who were age 75-84 years old were only about 80% (P < 0.001) as likely, and those who were older than age 85 were only about 50% (P < 0.001) as likely to have replacement surgery. Patients who live in lower income areas were 5%-10% less likely to receive a hip or knee replacement, compared to those who reside in higher income areas. Finally, patients who reside in high-minority areas were about 20% (P < 0.001) less likely to receive a hip or knee replacement as those who reside in low minority areas.
Use of hip or knee replacement surgery varied across most of the control variables measured (Tables 3 and 4) . Patients who reside in rural areas were 14% (P < 0.001) more likely to receive a surgery than those in metropolitan areas. Compared to the reference state (New Jersey), patients who live in certain western states were several times more likely to receive replacement surgeries. For example, beneficiaries residing in South Dakota and Idaho were, respectively, 3.25 (P < 0.001) and 2.58 (P < 0.001) times as likely to receive hip or knee replacement as those who live in New Jersey. Residence in the future survey areas was not a significant predictor of surgery, but those who live in the future disease management areas were only 0.84 times as likely (P < 0.001) to receive a hip or knee replacement. 
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Medigap plan type was not a strong predictor of the likelihood of hip or knee replacement. Patients in plan type F (RRR ¼ 1.13, P < 0.001) and those in the waiver and nonstandard plans (RRR ¼ 1.08, P ¼ 0.004) were significantly more likely to have surgery compared to those in plan type A (the reference group). Membership in the other plans did not significantly influence surgery rates. Health status was a strong predictor of hip or knee replacement surgery. Sicker patients, as measured via the ERG risk score, were more likely to have a surgery. For every 1-point increase in the ERG score, the likelihood of surgery increased by 24% (P < 0.001). The presence of certain comorbidities was associated with disparities in hip or knee surgery. Patients diagnosed with obesity (RRR ¼ 1.80, P < 0.001), hypertension (RRR ¼ 1.79, P < 0.001), or CAD (RRR ¼ 1.09, P < 0.001) were significantly more likely to receive a hip or knee replacement surgery than patients without these conditions. Patients with a mental health condition (RRR ¼ 0.91, P < 0.001), COPD (RRR ¼ 0.70, P < 0.001), diabetes (RRR ¼ 0.91, P < 0.001), or CHF (RRR ¼ 0.80, P < 0.001) were less likely to receive hip or knee replacement surgery.
Results of the sensitivity analyses
The output from the additional sensitivity models is not presented in detail here for brevity, and because they were largely consistent with the combined (any-hip-or-knee) model. However, detailed results are available from the corresponding author upon request. When comparing the results of the any-hip, any-knee, and combined models, 70 of the 84 independent variables that were included in the models, (ie, 83.7% of the variables) had the same sign and significance levels as in the primary analyses. When the anyknee (n ¼ 19,831), total knee (n ¼ 17,823), partial knee (n ¼ 955), and revision knee (n ¼ 1241) model results were compared, 48 (ie, 58%) of the variables had the same sign and significance levels across the models. When the results of the any-hip (n ¼ 12,946), total hip (n ¼ 8900), partial hip (n ¼ 3088), and revision hip (n ¼ 1210) models were compared, 59 (ie, 70.2%) of the variables had the same sign and significance across the models. The sample size for any-hip or any-knee does not equal the sum of total, partial, and revision because some patients had more than 1 surgery. CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, disease management. 
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Discussion
In this study of osteoarthritic patients with Medigap coverage, the prevalence of osteoarthritis (26%) and the hip or knee replacement rate (14.7 per 1000) is consistent with previous estimates. 30, 31 Despite the increased socioeconomic status of those with Medigap insurance relative to the Medicare population as a whole, we found disparities in hip or knee replacements associated with patient demographics, socioeconomics, and health status. Most previous studies of disparities in joint replacement have separated hip and knee surgeries and further delineated between total, partial, and revision procedures. The authors chose to combine all of these into a single model in part to increase the size of the study population, because of their overlapping etiologies, and because the sensitivity analysis revealed consistency across the models. These results were less consistent between the partial and revision procedures, but because these only represent 18% of all surgeries, the authors are confident that combining the models provided reasonably accurate results for consideration.
The findings for age and sex are not entirely consistent with other studies on Medicare populations. Several studies using Medicare FFS populations have found that women have modestly higher rates of hip and knee replacement than men. 5, 7, 16, 17 In this study, men were modestly (6%) more likely to receive such surgeries. Other studies have shown higher rates of hip and knee replacement surgery up to age 75-79, with lower rates for older patients. 10, 16, 17 In this study, the highest rates were among those aged 65-74, with lower rates for older patients. These discrepancies are likely the result of different study designs. Specifically, the authors utilized more recent data, but over a shorter time horizon, and focused more narrowly on osteoarthritis patients with Medigap coverage.
The findings for income and minority status are consistent with other studies indicating that minorities 6, 8, [10] [11] [12] 16, 17 and lower income members 16, 17 were less likely to receive hip or knee replacement surgeries. Although significant, incomerelated disparities were modest in size, perhaps because our study sample included relatively wealthy Medigap enrollees.
There were differences in procedure use for several of the control variables, with geography and the presence of certain comorbidities being associated with the largest disparities. The authors found that patients living in certain western states were much more likely to receive hip or knee replacement surgery, which is consistent with other studies. 16, 17 In addition, patients residing in rural areas were 1.14 times as likely to have hip or knee replacement surgery, which is consistent with other findings. 32 Previous studies have not concentrated to a great degree on how the presence of comorbidities influenced the likelihood of hip or knee replacement surgery. These disparities were among the largest in our study. We found that patients diagnosed with hypertension, CAD, and obesity were more likely to receive replacement surgery, whereas patients with mental health conditions, diabetes, CHF, or COPD were less likely to receive surgery. In the case of diagnosed obesity (which often does not occur until obesity-related problems are significant), our findings are consistent with research showing positive associations between obesity and total hip and knee replacement surgery. 33 Innovations to address these disparities began in 2009. Specifically, in mid-2009, AARP members obtained access to a Treatment Decision Support (TDS) program that aims to increase patient awareness regarding appropriate treatment choices for hip and/or knee problems (among other problems). Under the TDS program, members who may be considering hip or knee surgery are contacted by telephone and asked to discuss treatment choices; they also receive mailed materials about these alternatives. We hope that better education resulting from these telephone and mailed interactions will lead to fewer disparities. This hypothesis will be addressed when the TDS program is evaluated in the coming year.
Several limitations to this study must be noted. This study focused on Medigap insureds and individuals with AARPbranded Medigap coverage underwritten by a single insurer, UnitedHealthcare. While this data set was quite large (2.2 million AARP Medigap insureds), it represents only a small fraction of the Medigap population and even less of the Medicare population. Thus, these findings may not be generalized beyond these groups, even though this was a relatively large study population. Additionally, the authors focused on a single 12-month period; therefore, conclusions about disparities over longer periods cannot be made. The use of zip code data to estimate racial disparity is imperfect. The accuracy of geocoding may vary, depending on whether data are used from zip codes or census tracts, how minority status is assigned, and the extent of segregation in these geographic areas, in that the geocoding-based measurements are more accurate when the geographic areas are more racially segregated. 22 Lastly, this study focused on patients with osteoarthritis. However, hip and knee replacement surgeries are performed for other reasons (eg, joint injuries, rheumatoid arthritis, bone tumor) that are far less common.
